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Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416 A279and matrix-degrading enzymes in articular cartilage are signiﬁcantly
higher in Nfat1-deﬁcient mice than WT mice.
Conclusions: Nfat1 deﬁciency promotes the initiation and progression
of PTOA. The results from Nfat1þ/- mice are particularly important as
they reﬂect the effect of Nfat1 “gene dosage” on PTOA. This will direct us
to explore if decreased NFAT1 expression in joint tissues is a risk factor
for development of OA in humans.
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LOWER HOP SCORES RELATED TO GAIT ASYMMETRIES AFTER ACL
INJURY: IDENTIFYING ASSOCIATIONS RELATED TO THE
DEVELOPMENT OF EARLY ONSET KNEE OA
E. Wellsandt, A. Arundale, K. Manal, T.S. Buchanan, L. Snyder-Mackler.
Univ. of Delaware, Newark, DE, USA
Purpose: The majority of young, active individuals with anterior cru-
ciate ligament (ACL) injuries develop knee osteoarthritis (OA) within
10-15 years of injury. Joint biomechanics have been linked to the
development of OA after ACL injury. Patients who develop knee OA
within 5 years of ACL reconstruction (ACLR) demonstrate a relative joint
unloading pattern early after injury and surgery. Lower single-legged
hop scores early after injury are also associated with later radiographic
signs of OA. Subtle changes in joint biomechanics related to the
development of posttraumatic OA can be difﬁcult to identify in a clinical
setting. Therefore, the purpose of this study is to determine whether
single-legged hop scores are related to underlying alterations in knee
joint biomechanics early after ACL injury and reconstruction.
Methods: Athletes with acute, unilateral ACL injuries participating in
cutting and pivoting sports prior to injury were included. Exclusion
criteria were a repairable meniscus, full-thickness articular cartilage
lesion >1 cm2, or symptomatic grade III injury to other knee ligaments.
Testing was completed prior to ACLR after effusion, range of motion,
pain, and obvious gait impairments were resolved (baseline) and 6
months after ACLR. Testing consisted of a single-legged single hop for
distance (involved/uninvolved x 100%) and gait analysis with surface
electromyography (EMG) during self-selected walking speed. Kinetic
variables of interest included external peak knee ﬂexion moment
(PFKM) and peak knee adduction moment (PKAM) with loading dif-
ferences between limbs calculated (involved-uninvolved).
A patient-speciﬁc EMG-driven Hill-type musculoskeletal model was
used to estimate joint contact forces during walking. The variable of
interest was peak medial compartment contact force (MCpk) during
stance phase with loading differences again calculated.
Pearson correlations were used to evaluate the relationship of bio-
mechanical variables with single hop scores. A prior signiﬁcance level
was set at p0.05.
Results: Twenty-two patients were available for analysis prior to ACLR
(16M, 6 F, age 31.6±10.6 years, BMI 26.9±3.5, time from injury to testing
8.5±8.2 weeks) and 31 patients at 6 months (19 M, 12 F, mean age
31.4±10.9, BMI 27.4±4.3, time from injury to ACLR 16.5±11.2 weeks).
Prior to ACLR single hop scores (mean 79.5±14.9%) were signiﬁcantly
correlated to involved PKFM (p¼0.026, r¼0.474, mean 0.33±0.17 Nm/
kgm), involved PKAM (p¼0.045, r¼0.431, mean 0.26±0.09 Nm/kgm),
involved MCpk (p¼0.031, r¼0.460, mean 2.55±0.51 BW), PKFM loading
difference (p¼0.035, r¼0.451, mean -0.14±0.18 Nm/kgm), MCpk loading
difference (p¼0.002, r¼0.629, mean -0.36±0.88 BW) and trending
toward signiﬁcance for PKAM loading difference (0.054, r¼0.417, mean
0.00±0.13 Nm/kgm). Six months after ACLR single hop scores (mean
93.3±9.7%) were signiﬁcantly correlated to involved PFKM (p¼0.013,
r¼0.440, mean 0.39±0.14 Nm/kgm), PKAM loading difference (p¼0.006,
r¼0.485, mean -0.01±0.07 Nm/kgm), and MCpk loading difference
(p¼0.002, r¼0.534, mean -0.11±0.58 BW) but not involved PKAM
(p¼0.391, r¼-0.160, mean 0.27±0.09 Nm/kgm), involved MCpk
(p¼0.268, r¼0.205, mean 2.75±0.64 BW) or PKFM loading difference
(p¼0.056, r¼0.346, mean -0.08±0.12 Nm/kgm). Hop scores were not
correlated to any biomechanical measures on the uninvolved limb
except MCpk prior to ACLR (p¼0.026, r¼-0.473, mean 2.90±0.67 BW)
and after ACLR (p<0.001, r¼0.598, mean 2.86±0.65 BW) and PKAM after
ACLR (p¼0.035, r¼-0.380, mean 0.28±0.10 Nm/kgm).
Conclusions: Single hop for distance scores were consistently correlated
with knee moments and joint contact forces prior to ACLR. Lower hop
scores are related to lower involved limb biomechanical measures and
greater asymmetry between limbs. These relationships continued six
months after ACLR despite amean hop score greater than 93%. Lower hop
scores may be representative of the joint unloading patterns previouslylinked to the earlydevelopmentofOA afterACL injury.Hop tests provide a
simple clinical measure which may help identify patients at greatest risk
of joint degeneration. Further work is required to determine cut-off hop
scoreswhich represent clinicallymeaningful biomechanical asymmetries.
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OCCUPATIONAL RISK FACTORS FOR HIP OSTEOARTHRITIS ARE
ASSOCIATED WITH EARLY HIP STRUCTURAL ABNORMALITIES e A
3.0T MRI STUDY OF COMMUNITY-BASED ADULTS
A. Teichtahl y, S. Smith z, Y. Wang z, A. Wluka z, R. O'Sullivan z, G. Giles x,
F. Cicuttini z. yBaker IDI/Monash Univ., Melbourne, Australia; zMonash
Univ., Melbourne, Australia; xCancer Council Victoria, Melbourne,
Australia
Purpose: Occupational exposure to heavy lifting and stair climbing are
associated with radiographic hip osteoarthritis (OA). This study exam-
ined whether these activities are associated with early structural hip
joint changes in a community-based population.
Methods: 198 community-based people with no history of hip disease,
including OA, had 3.0T-MRI to assess hip cartilage volume, defects and
bone marrow lesions (BMLs). Recall of occupational exposure to heavy
lifting and stair climbing aged 18 to 30 years and in the previous 10
years were collected. A persistence score was deﬁned as exposure at
neither time point (0), at one time point (1) or at both time points (2).
Results: Exposure to heavy lifting when aged 18 to 30 years was asso-
ciated with BMLs of the central superolateral femoroacetabular region
(OR 3.8, 95% CI 1.5 e 9.2, p < 0.01), with persistence score associated
with cartilage defects in the central superolateral region of the femoral
head (OR 1.6, 95% CI 1.0 e 2.5, p¼ 0.04). Exposure to stair climbing aged
18 to 30 years and persistence score were associated with an increased
risk of cartilage defects in the central superolateral femoral head and
BMLs in the central superolateral and posterior femoroacetabular
regions (OR range 2.1 to 3.2, all p  0.03).
Conclusions:Occupationalexposure toheavy liftingandstair climbingare
associated with hip structural abnormalities. If conﬁrmed by longitudinal
data, such associationsmay explain how occupational activities affect the
hip joint and may identify new targets for the prevention of hip OA.
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FACTORS RELATED TO QUALITY OF LIFE IN PEOPLE WITH KNEE PAIN,
STIFFNESS OR ACTIVITY LIMITATIONS 5 TO 20 YEARS FOLLOWING
ANTERIOR CRUCIATE LIGAMENT RECONSTRUCTION
S.R. Filbay y, I.N. Ackerman z, T.G. Russell y, K.M. Crossley y. y The Univ. of
Queensland, Brisbane, Australia; zMelbourne EpiCtr., The Univ. of
Melbourne., Melbourne, Australia
Purpose: Anterior cruciate ligament reconstruction (ACLR) can result in
the early onset of osteoarthritis (OA), which may restrict activity par-
ticipation and impair an individual's quality of life (QOL). However,
longer-term QOL outcomes have not been examined in people with
persistent knee symptoms consistent with early onset OA following
ACLR. The aims of this study were to (i) describe QOL, anxiety,
depression and sport-related impairments in people with knee symp-
toms 5-20 years following ACLR; and ii) explore relationships between
QOL, participant characteristics, psychosocial and sport-related factors.
Methods: We conducted a cross-sectional analysis of individuals with
knee pain, stiffness or limitations in function following ACLR. Partic-
ipants were recruited from orthopaedic surgeons and community
advertisements. All patients aged 18-55 years who had undergone ACLR
5-20 years ago were invited to participate in the study. Modiﬁed Knee
Injury and Osteoarthritis Outcome Score (KOOS) cut-off criteria were
used to identify symptomatic individuals. Individuals with signiﬁcant
comorbidities or not ﬂuent in English were excluded. Participants
completed questionnaires including the KOOS QOL subscale (KOOS-
QOL), ACL-QOL, Assessment of QOL 8D Utility Instrument (AQoL-8D),
Hospital Anxiety and Depression Scale (HADS), participant character-
istics and sport-related information. The KOOS and ACL-QOL scores
range from 0 (worst) to 100 (best), and AQoL-8D utility values range
from 0.00 (death) to 1.00 (full health). Pearson's correlation coefﬁcients
(r) or Spearman's correlation coefﬁcients (r) (for categorical or ordinal
data) were used to explore relationships between variables.
Results: A total of 162 participants aged 38±9 years (mean±SD) com-
pleted the questionnaires at an average 9±4 years following ACLR, 56%
were overweight or obese, and 46% were women. Mean KOOS-QOL
Table 1
Characteristics of the cohort. Median and interquartile range reported for age and
BMI.
n 228
Females 131 (57%)
Age 18 years (16.6-22.3)
BMI 23.1 kg/m2 (21.0-25.1)
Graft source
Bone-Patellar Tendon-Bone 153 (67%)
Hamstrings 68 (30%)
Allograft 7 (3%)
Lateral meniscus treatment
No tear 95 (42%)
Meniscectomy 71 (31%)
Tear, no treatment 48 (21%)
Repair 14 (6%)
Lateral femoral condyle articular cartilage status
Normal/Grade I 192 (84%)
Grade II/III/IV 36 (16%)
Table 2
Regression coefﬁcients predicting joint space difference (JSD). Positive values mean
ACL reconstructed side has narrower JSW than contralateral normal side.
Parameter Coefﬁcient 95% C.I. p-value Adjusted
p-value
Graft source
Allograft vs. BTB 0.65 0.06 - 1.24 0.031681 0.095043
HS vs. BTB 0.18 -0.04 - 0.40 0.1029 0.2058
Allograft vs. HS 0.46 -0.14 -1.07 0.135 0.135
Meniscus treatment
excision vs. repair 0.64 0.20 - 1.08 0.005 0.03
excision vs. no tear 0.3 0.06 - 0.54 0.016 0.08
excision vs. no treatment 0.27 -0.02 - 0.55 0.07 0.27
repair vs. no treatment -0.38 -0.84 - 0.09 0.11 0.34
repair vs. no tear -0.35 -0.79 - 0.10 0.13 0.25
no treatment vs. no tear 0.03 -0.23 - 0.30 0.82 0.82
Cartilage status
Grade II/III/IV lesion 0.14 -0.14 - 0.43 0.32
Covariates
Age -0.03 -0.05 - -0.003 0.03
Male sex 0.02 -0.20 - 0.25 0.84
BMI 0.04 0.01 - 0.07 <0.01
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impaired compared to population norms and previous ACLR studies. One
inﬁve participants (21%) reportedHADS scores corresponding to actual or
borderline anxiety, and 7% reported scores corresponding to actual or
borderline depression. The most impaired ACL-QOL items addressed
frustration with having to play sport under caution (36±35) and fear of
contact sports (35±37). Most participants did not return to pre-injury
level of sport after ACLR (61%), and 77% of participants reported that this
was due to their knee. Not returning to pre-injury level of sport was
correlated with poorer KOOS-QOL (r¼0.32, p<0.01), lower ACL-QOL
scores (r¼0.42, p<0.001), and slightly increased rates of depression
(r¼0.16, p¼0.04). Most participants preferred to participate pain-free in
sport (49%) or exercise (31%), compared with work (2%), family (14%), or
social activities (4%). An increased body mass index (BMI) was related to
poorer scoreson all QOLmeasures (r0.27) andhigher rates of depression
(r¼0.31). Despite experiencing knee issues, only 16% received current
knee treatment and amajority rated their OA knowledge as average (34%)
or poor (41%). Lower self-rated knowledge of OA mildly correlated with
increased anxiety (r¼0.22, p¼0.01), depression (r¼0.22, p¼0.01), and
poorer AQoL-8D scores (r¼0.20, p¼0.01).
Conclusions: We found impaired QOL in people with ongoing knee
symptoms following ACLR and discordance between sporting desires and
sports participation. Inability to return to sport and increased BMI were
related to worse QOL and depression 5-20 years after ACLR. Despite
experiencing knee symptoms consistent with early onset OA, knowledge
of OAwas poor among this sample and few were receiving treatment for
their knee symptoms. This highlights an opportunity for clinicians to
intervene and provide education to improve the QOL of these individuals.
Addressing sport-related frustrations and fears and reducing BMI may
assist in optimising QOL in people with knee symptoms following ACLR.
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PREDICTORS OF LATERAL COMPARTMENT JOINT SPACE DIFFERENCE
TWO OR MORE YEARS AFTER ACL RECONSTRUCTION: DATA FROM
THE MOON ONSITE COHORT
M.H. Jones y, K.P. Spindler y, B.C. Fleming z,x, J. Duryea k,¶,
N.A. Obuchowski y, E.A. Scaramuzza#, H.L. Oksendahl yy,
C.S. Winalski y, C.L. Duong#, L.J. Huston#, R.D. Parker y, C.C. Kaeding zz,
J. Andrish y, D.C. Flanigan zz, W.R. Dunn xx, E.K. Reinke#. yCleveland
Clinic, Cleveland, OH, USA; zBrown Univ., Providence, RI, USA; xRhode
Island Hosp., Providence, RI, USA; kBrigham and Womens Hosp., Boston,
MA, USA; ¶Harvard Med. Sch., Boston, MA, USA; #Vanderbilt Univ.,
Nashville, TN, USA; yy Steamboat Physical Therapy, Olympia, WA, USA;
yyOhio State Univ., Columbus, OH, USA; xxUniv. of Wisconsin, Madison,
WI, USA
Purpose: ACL reconstruction can effectively restore knee stability and
allow a return to athletic activities after ACL injury, but patients are still at
higher risk of developing post-traumatic OA. Patient reported outcomes
from the Multicenter Orthopaedic Outcomes Network (MOON) pro-
spective longitudinal cohort of over 1500 patients undergoing ACL
reconstruction showed no increase in OA symptoms at 2 years after sur-
gery by patient reported outcomes. Therefore, identiﬁcation of structural
changes of OA that may precede the onset of symptoms is of critical
importance for determining risk factors for the initiation and progression
of post-traumatic OA and for measuring the effectiveness of potential
disease-modifying treatments. One such structural measure of OA is
radiographic joint space width (JSW). We previously demonstrated that
meniscus treatment and age predict narrower medial compartment JSW.
The purpose of this study was to identify factors which predict greater
lateral compartment JSW differences between ACL reconstructed and
contralateral normal knees.
Methods: 285 subjects from the MOON cohort were recruited at a
minimum of 2 years following surgery for on-site evaluations including
bilateral ﬁxed ﬂexion radiographs to assess JSW. To minimize bias
related to pre-existing knee injury or OA, subjects were 35 years or
younger, were injured playing a sport, had primary ACL reconstruction
without prior meniscus or articular cartilage surgery, did not undergo
subsequent ACL revision, and had a normal contralateral knee. Radio-
graphic JSW was measured in the lateral compartment of both knees
using a validated semiautomated method. The association of age, gen-
der, BMI, meniscus treatment, graft source, Marx activity level, and
articular cartilage treatment with lateral compartment JSW differences
(JSD) between the reconstructed and normal knees was examined usingmultivariable generalized linear models. The Holm-Bonferroni method
was used to account for multiple comparisons.
Results: Of the 285 subjects evaluated, 228 had complete data on out-
comes including images acceptable for lateral JSW analysis (See table 1).
97 were male, 131 were female, and their median age was 18 years at the
time of surgery. Themean lateral compartment JSWwas 7.64mm (95% CI
7.50 e 7.78 mm) for ACL reconstructed knees and 7.77 mm (95% CI
7.63e7.90 mm) for contralateral normal knees, with a mean JSD of 0.13
mm (p<0.02). Predictors of JSD that were statistically signiﬁcant and
predicted narrower JSW on the ACL reconstructed side included lower
Marx activity level (p<0.001), higher age (p¼0.03), higher BMI (p<0.01),
meniscus treatment (p¼0.01), and graft source (p¼0.04).Meniscus repair,
meniscectomy and allograft were associated with narrower JSW on the
ACL reconstructed side. Conversely, gender and lateral compartment
articular cartilage injury were not found to be signiﬁcant predictors of
lateral JSD (see Table 2).
Conclusions: We found that radiographic lateral compartment JSD
between reconstructed and contralateral normal knees could be
detected 2 years after surgery in a cohort of patients with previously
uninjured knees who sustained ACL tears and underwent subsequent
ACL reconstruction. While the data showed that graft source and
meniscus treatment are signiﬁcant predictors of JSD, additional subjects
are needed to provide better estimates of the magnitude of difference
between treatments. In addition, the reason that subjects with lower
activity levels at baseline have narrower lateral compartment JSW on
their ACL reconstructed side is unclear and warrants further study.Marx ¼ 16 -0.42 -0.66 - - 0.19 <0.001
